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54) HEAT CARRIER FLUID 

57) The present invention relates to a heat carrier fluid, particularly for solar collectors, witii a 
content of very finely ground aluminum patticlcs. 
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Description 

The present invention relates to the use of low heat potentials, particularly in the context 
of the conversion of solar energy in solar collectors, in which a heat carrier fluid is circulated. 

Here, the fluid is heated at the place of higher heat potential, and the heat content is 
transferred to the place of lower potential, where it is removed. 

Known heat carrier fluids, such as water, glycols, organic or synthetic heat carrier oils 
present particularly the drawback of a relatively low heat conductivity, so that the rate of heat 
transfer between the place of generation and the place of removal is accordingly reduced, where 
at the place of the heat uptake, as well as at the place of heat removal, the heat transfer from the 
surfaces of the system, as well as in the reverse direction, is negatively influenced by the low 
heat conductivity, so that the difference in potential can be exploited only unsatisfactorily. 

DE-OS 33 01 764 disclosed a heat carrier fluid, which contains suspended fmiely ground 
inorganic particles, to increase the heat conductivity of the fluid. 

The substances wMcb are used in practice in this context, such as ferrites or ferrosilicon, 
however, because of their low deposition rate and a clear increase in viscosity, have not been 
used successfiilly, so that, at this time, it is impossible to exploit the high heat conductivity, 
which in itself i» desirable; this means that to date it has been impassible to use a high beat 
transfer rate with such mixtures. 

Therefore, the problem of the present invention is to provide a possibility where metal 
powders can be used in heat carrier fluids, without requiring, as a result of a high deposition rate 
of the metal particles, continuous stirring or extremely high circulation speeds in fluid conveying 
systems, to continuously maintain a liigh level of turbulence. 

The problem is success&lly solved according to the invention by admixing very finely 
ground aluminum powder witli a taiown heat carrier fluid. 

Surprisingly, v^y finely ground aluminum powder can be suspended substantially better 
in a heat carrier fluid than the inorganic additives which are known to date, so that a heat carrier 
fluid which has been prepared in this manner is maintained in circulation substantially more 
easily arid thus fte desired exploitation of small differences in heat potential can be increased 
substantially compared to conventional solutions. 

A heat carrier fluid, which has been modified in this manner^ surprisingly presents, for 
example, with the addition of 3 vol% of metal particles, a heat conductivity which is more than 
doubled. 

The use of such a fluid is not limited only to the transfer of solar heat or similar energy at 
low potential, in principle it can also be used to remove the heat released by the earth or other 
types of heat through exchange surfaces and to transfer the heat with considerably greater 
efficiency^ 

This fluid can also be used equally effectively in the reverse direction for cooling. 

The grain size of the aluminum particles here must be such that it can be ground down to 
values allowing the particles to be substantially suspended in a state of suspension. For this 
purpose, they present diameters of approximately 8 nm to approximately I ^m. 

The particles can be added to the fluid, preferably in quantities of 0.5-10 vol%. 

To pmvent oxidation of the metal particles, which present a very large surface area after 
grinding and therefore are particularly sensitive to oxidation, and to prevent the possibly 
resulting explosive gas formation, it is proposed to admix known suitable oxidation inhibitors, 
such as, preferably, those based on phenol, to the heat carrier fluid. 



PA(£6f12'RnfDAT6f1/200512:10:17ra[Eastem 



JUN-01-05 11:15 FrorntMCDONNELL BOEHNEN HULBERT & 6ERGH0FF ^mmmZ T-7Z8 P. 10/15 Job-790 

3 

It is also possible to include additives which prevent aggregation; polyacrylic acids are 
particularly suitsdsle for that purpose; they confer an identical negative electrical charge to the 
particles, so that they repel each other mutually. 

Furthermore, independently of the quantity of aluminum powder used, it is advantageous 
to increase the capacity of the suspension to be pumped by adding surfactants, which lower the 
viscosity, which has been increased by the addition of metal particles. In this context, it is 
preferred to use the alkylaryl ethoxylates, which in thomaelves are known. 

An additional, very desirable, effect occurs as a result of the addition of the metal 
particles, because they blacken the transfer fluid. The heat carrier fluid according to the invention 
is therefore not only suitable for the uptake of heat by convection or heat conduction, it is also 
particularly appropriate for the direct absoiption of, in particular, infrared radiation from solar 
light in solar collectors. Here, the pipe or plate chamber system which conveys the fluid is not 
colored (blackened) and thus permeable to radiation, so that the liquid itself is heated and the 
heat uptake occurs directly and not indirectly (via heat conduction) through heated (blackened) 
walls, which leads to an increase of at least 15% of the effectiveness of the use of the heat. 

The manufacture of the very finely ground aluminum powder, to be used according to the 
invention, ia aasoetated with a problem, namely the dust particles bind considerable quantities of 
air on their surfaces and they are therefore difficult to stir and suspend in the fluids. To prevent 
simultaneously corrosion of the metal in the transfer fluid and the associated hydrogen 
formation, it is proposed to grind the aluminum in the presence of the oxidation inhibitors and/or 
the transfer fluid itself 

The tables below prcswit test results, which document the superiority of the procedure 
according to the invention. 

Table I here contains the measured values of the viscosity of a commercial heat carrier 
fluid (Marlotherm S from the company Hills, Marl - a synthetic heat carrier oil - measured using 
a rotation viscosimeter VT 02 from the company HAAKE Messtechnik [Measurement 
Technology], Karlsruhe), which were obtained, at different temperatures, with the pure fluid with 
the addition of 3 vol% of aluminum powder having an average grain size of approximately 0.1 
^im and with such an addition supplemented with 0.3-1.5 wt% alkylaryl ethoxylate. 

Table I 



Temperature Viscosity [10" Pas] 

Pure fluid Addition Addition 

Metal partioles Surfactant 

20 41 7,1 4.0 

<50 7.6 13.8 6.8 

100 2,9 4,9 4.0 

160 13 1.8 l.O 

200 0.86 1.2 0.8 

240 0.62 0.9 0.55 



The increase in viscosity alter the addition of 3 vol% of metal particles can thus be more 
than compensated by the addition of small amounts of surfactant* 

Table n 
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Here the increase in the heat conductivity of the fluid used in Table I is examined. The 
addition of the surfactant does not cause a detectable change in the values. 



Table n 



Temperature [*C] Heat conductivity ^ [W/mK] 

Pure fluid After the addition of 3 vol% 

metal particles 

0.132 0.207 

0.128 0.260 

0.123 0.250 

0.117 0.235 

0.113 0.230 

0.108 0.220 

By the addition of the metal particles, the specific heat capacity can be lowered sU^tly. 
However, this effect is more than compensated by the considerably increased heat conductivity. 

The following Table HI provides a comparison of the different deposition rates of several 
metal particles which have been ground to grain sizes finom S nm to 1 ^^m. The eedimentation 
was verified using the above-mentioned heat canier fluid Marlotherm. The particles in each case 
arc stirred up and then one waits until the fluid no longer presets any turbidity. In each case, 3 
vol% of metal powder were added. 



20 

60 

100 

160 

200 

240 



Table m 



Diu^tion 


Deposited quantity in % 








Al 


FeSi 


Cu 


Zn 


5 min 


not visible 


30 


50 


30-40 


lOmin 


same 


70-75 


80-90 


70-90 


30 min 


same 


100 


100 


100 


Ih 


1 


100 


100 


100 


10 h 


18-20 


100 


100 


. 100 


24 h 


SO 


100 


100 


100 


48 h 


100 


100 


100 


100 



While the other metals behave as predicted by theory, and, with particle diameters of 
such small size, present approximately the same deposition rates, the aluminum powder 
precipitates completely and its first depositions (1%) occur only after a duration which is twice 
as long as that required for the oomplete deposition of the metals examined for comparison. 

For use in heat carrier fluids, it is essential that the deposited substances can be stiired up. 

The comparative substances are introduced into the test flasks and allowed to deposit. 
Then the test flasks are rotated several times. In the process, it was shown that simple rotation is 
not sufficient to resuspend fht comparison examples completely: with the exception of 
aluminum, all the other samples have to be shaken. With aluminum powder, it is sufSderit to 
turn the flask over two times. It follows that, during the circulation of aluminum powder 
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containing heat carrier fluid, the turbulences, which are generated by the pumps and the pipes 
and incorporated elements which are present in any case, are sufficient to keep the aliuminum 
powder completely in smpension. 

If the circulating stream presents excessively laminar portions, then the fluid can be 
slightly homogenized using appropriate turbulators (slowly running stirrers). 

Claims 

1 . Metal particle containing heat carrier fluid, particularly for solar collectors, 
characterized by a content of very finely ground aluminum powder. 

2. Heat carrier fluid according to Claim 1. characterized in that the aluminum powder has 
a grain size from approximately 80 nm to approximately 1 |im, preferably approximately 0.1 ^m. 

3. Heat carrier fluid according to Claim 1 or 2, characterized in that the content of metal 
particles is equivalent to quantities of O.S-10 vol%, 

4. Heat carrier fluid according to at least one of Claims 1-3. characterized in that it 
contains oxidation inhibitors* 

5* Heat carrier fluid according to Claim 4. characterized in that the oxidation inhibitors 
arc products based on phenol. 

6. Heat carrier fluid according to at least one of Claims 1 -5, characterized in that it 
receives the addition of substances which prevent the aggregation of the metal particles, 
preferably polyacrylic acid. 

7. Heat carrier fluid according to at least one of Claims 1-6, characterized by a content of 
surfactants. 

8. Heat carrier fluid according to Claim 7, characterized in that one uses surfactants 
which are based on alkylaryl ethoxylate, 

9. Heat carrier fluid according to at least one of Claims 1-8, characterized in that the 
aluminum powder is ground in the presence of the oxidation inhibitor. 

10. Heat carrier fluid according to at least one of Claims 1-9, characterized in that the 
aluminimi powder is ground in the heat carrier fluid. 



PAGE 9/12'Ra/DAT6f1/2005 12:10:t7PM [Eastern [^^^ 



JUN-01-O8 11:18 P roiti > MCOOMNeLL BOEHNEN HULBERT A BERQHOFF 



•1-3129 1 Soaoz T-rZB p. 19X18 Job-780 

iiiiiiiiiiiiinoiiisiiiiiiiiiiiiiuHiiiiiiiiiiiiHiHiainiiiiiiiiiu 

<a> DE S16 A 1 ^??S^^'*** 



Of ««v«l*a v*r»a *t«fi| - 



F> ^1 31 Sie.2 

21 . e. Bt 



RO Au«am**lsi«rurta Orvil»M. BB 



Orlmm. Arnold. «40B Biet««naafl. 



■ ^ in Sonnenicolloktoron. In 



19 io 'v^rliwMi 

nledrie^er WSr 

wandluns won Sonnem 
cienon einw >A^Bv-me«rB« 

™ *r'r«* «««• »=lo««J«k*li am Or« cl«« Htthei-«n Wttr- 

^Z^^l^^'^ltS. rra«.„«r*lor«. wo rfi«««r-iSI! 



SI© yvi 

C>1« Rartilcel lcOnrt«n 




'T'«t1cH«n oir) - - 



f»olyaoryl»iiuf-»n, di* do 



^fll^Z^^I*, **• ""•t'HaiTa^Jsr von d«n- 

Aluminiijmpulv*ro. von Vortoil. , 




d^t^rch. d«0 ^mn Ainor b^lcAnn.^n wari^iiiTt^^i^rfttiri^L?? ^r*,^ « ^J'^^'L'^*'"^*" J?" olserffAeh licit bind^n J^d 

*<^»-n»«lilon. 

r»is»o wk«>clerftcr-«ix»n. die die OlL 
dun«ft9en«ikO«n'V<>^S«H«n« t».ic«o^rx 

In d««- Tabelltt • ttind dabcH N<«*Owet-«e Ube 

warm«rab«rira0«fl-Ol a^fT^o.^.n wurda mit einom Ho- 
'^2 dor I='lrmm J-IAAtCE N/SoO> 





' 7— — ^ •w^t.-^'wa rwi«ta]loa>*Tlk.e'l Liber- 

^tui^t^V^r^irT ^'"'^ «o'^"o Wia"^;?!. 




»««ion«vislKosim««er \ry 02 
lecsrmtlL. Kar-lsruHe) enK^lBl■.e:r 
nremaorasuron auf di«» reinn r 



m 



O 

o 



PAfiE*1lV12 • RCVD AT 67l/200S 12:10:17 PM (pastern Daylight Time] * 6VR:U8PTO-EPXRP-1l1 " DN18:8729308 • CSID^KSI 291 30002 - DURATION (min^):04-28 



JUN-01-0S 11:17 Fron:MCDONNELL BOEHNEN HULBERT t BERGHOFF 

DE 41 31 516 

3 

Tabellel 



4-31Z9130002 

Al 



T-728 P. 14/15 Job-790 



4 

TabellelU 



Temperaiur Vi$kositai[IO-> Pas] 

rcine Zusstz Zusau 

FHJsslgkcii MetaHparcike) Tensid 



Dauer 



Abtet2menge in Prazent 



20 
60 
100 
160 
200 
240 



41 

2S 

0.86 
0^2 



7.1 




5 min 


4.0 






M 


tOmin 


4,9 


4,0 


10 30 min 


1.B 


1.0 


1 Std. 


1,2 


OS 


lOStd 


0.9 


055 


24dtd. 






48 Sid. 



Al 


FeSi 


Cu 


Zn 




aicht 


30 


50 


30- 


40 


erkennbar 












70-75 


80-90 


70- 


90 


desgl. 


too 


100 


100 




100 


100 


too 




18-20 


100 


100 


100 






100 


100 


too 




100 


100 


100 


too 





Der Viskositatsansileg nach der Zugabe von 3 Vo|-% 
Metallpanikcl kann somil durcb geringfOgigeTensidzu- 
gabe mehr als ausgegiichen werden. 



TabeUeH 



20 



wlrd der Anstiegder WJirinelcitfahigkeh der in 

Tabelle I eingesauten Fliissigkeit uniersuchu Die Zuga- 
be des Tensids verurtacht keina xparbare And«rung der 
Wertc. 

Tabeile 11 



25 



Tcmpcraiur Wj^nneleiifdhigkeit X [W/mK] 

rC] reine nach Zugaba 

Flusdgkoit von3Vot-% 
Meiallpanik«l 



20 
60 

too 

160 
200 
240 



0.132 
0,126 
0.J23 
0.H7 
0J13 
OJQB 



0^70 
0^60 
0.250 
0.235 
0.230 
0,220 



Durch dte Zugabeder MeiallpanlKei Rann die spftzifi- 
schc WarroekapazitjH geringfQgig hcrabgesetzt werdcn. 
Dieser Effekt wird jedoch durch die erhftblich gesteiger- 
te Warmeleiifahigkeil mehr als ausgeglicheiL 

Pachfolgenden Tabelle III werden di& iinier- 
schiedhchen Absetzgeschwindigkeiien mehrerer auf 
KomgrdBe Jewells zwischcn 8 nm und t hemnter- 
gemahlener Metallpanikel gcgenObergestdlt Die Sedi- 
rneniation wurde in der oben genamiien Warmeirager- 
riossjgkeit Marlotherm gcpriift. Die Teilchen werden 
jcweils aufgerOhrt und danach wurde abgewartet. bis 
die FlOssigkeiten keine Trilbung mehr aufwiescn. Es 
wurden jcweils 3 VoL-% Metallpulver zugesetzL 



30 



35 



40 



45 



5S 



fiO 



fiS 



Wfthrend sich die QbHgen Meialle nach der Thcone 
verhaJten und bci derart germgen Teilchendurchmes- 
jern ctwa gleiche Absetzgeschwindigkeiien aufwelsen. 
fallt Aluminiumpulver vdllig beraus und zcigi erste Ab- 
seizungan (1 %) erst nach der doppelien Zeitspanne des 
voillgen Abseuens der im Vergleich uniersuchien Me- 
talle. 

Wcscnilieh fiirdon Einsau in Warmetragerflussiekei- 
len ist auch die Aufwirbdbarkeit des Abgcsetzien. 

Die Vergleichssubstanzcn wurden in Tesiko!ben ver- 
brachi und abseizen gelassen. Danach wurden die Tesi- 
kolben mehrfach gedreht. Dabei zeigt« sich, daft einfa- 
ches Drehen nicht genQgu um die VergleichsmeialJe 
volIsUndig erneut zu suspendieren: mil Ausnahme von 
Aluminium muBten alle anderen Proben geschuuett 
werdea Bei Aluminiumpulver genugie ein zweimatiges 
Wenden des Kolbens, Daraus folgi. daB beim Umw^lzen 
von Aluminiumpulver enihaltenden Wfirmetragernus- 
sigkcitcn die durch die Pumpen und Leitungcn und oh- 
nehin vorhandenen Einbauten erzeugten Turbulenzen 
genugen, urn AJuminiumpulvcr volistandig In Suspen- 
sion zu haltcn. 

Sollic die umlaufende Striimung 2u hohe laminarc 
Anieile aufweisen. w> kann die Flussigkeii durch geeig- 
nete Turbulaioren (langsam laufende RQhrer) leicht ho- 
mogenisieri werden. 

Patentanspruche 

1. MctaJIpartikel enihaiiende Warmeirigerfiassig. 
keii, insbesQndere fur Sonnenkollektoren, gekenn- 
zeichnst dnrch einen Gchah an feinsigemahlenem 
Aluminiumpulver. 

Z W^rmetagernQ&filgkeit n«ch A/upruch 1. da- 
durch gekennzdchnei» daB das Aluminiumpulver 
eine KorngrflOe von etwa 80 nm bis etwa I am 
vor2ug5weis6 um ai \im, aufweist. 

3. WarmeiragerflQssigkeit nach Anspnich 1 oder Z 
dadurch gekennzeichnet, daB die Metallpartikel in 
Mengen von 0»5 bis 10 Vol- % in ihrenihalten sind. 

4. warmeu-agernussigkeii nach mindestens einem 
der An*prQchc 1 bis 3, dadurch gekennzeichneu 
dan diese Oxidationsinhibiioren em halt. 

5. WarmerragerflUssigkeit nach Anspruch 4 da- 
durch gekennzeichnet, daO die Oxidaiionsinhibito- 
ren Produkte auf Phenolbasis sind. 

6. Warmeiragcrflussigkeii nach mindestens einem 

.^^^^^^ ^ *>»s 5, dadurch gekennzeichnet. 
daU ihr die Verklumpung der Metallpariike! verhin- 
dcmde Subsianzen. vorjwgsweise Polyacryls^ure. 
zugemischt ist. 

7. warmetragemossigkeit nach mindestens einem 
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der AnsprUche 1 bis 6» gekennzeichnei durch einen 
Gehalt un Tensiden^ 

8. Wftrmetragernassigkelt nach Anspruch 7. da- 
durcb irekennzeictineL dLaS als Tensida solche auf 
Ba^is von AlkylaryleihoxyJai eingeseui sind 5 

9. WarmetragcrflQssigkeit nach mindestens einem 
der Ansprijchc 1 bis 8» dadurch gakannz^chnau 
daC das AluminiumpuJver in Gegenwart das Oxida* 
tionsinhibitors ermahlen ist 

1 a warmetragernussigkeii nach mindesiens einem to 
d*r AnsprQchc 1 bis 9. dadurch gekennzeichnei, 
daB das Alummiumpulver in der Wttrmeirttgerfltts- 
fiigkeit semahlon tst. 
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